Cardiovascular evaluation and care of college student-athletes is gaining increasing attention from both the public and medical communities. Emerging strategies include screening of the general athlete population, recommendations of permissible levels of participation by athletes with identified cardiovascular conditions, and preparation for responding to unanticipated cardiac events in athletic venues. The primary focus has been sudden cardiac death and the utility of screening with or without advanced cardiac screening. The National Collegiate Athletic Association convened a multidisciplinary task force to address cardiovascular concerns in collegiate student-athletes and to develop consensus for an interassociation statement. This document summarizes the task force deliberations and follow-up discussions, and includes available evidence on cardiovascular risk, pre-participation evaluation, and the recognition of and response to cardiac arrest. Future recommendations for cardiac research initiatives, education, and collaboration are also 1. The purpose of the pre-participation evaluation is to identify conditions that may put the student-athlete at unreasonable risk of death or catastrophic injury, with the potential to modify and reduce risk through individualized management. In addition, the pre-participation evaluation provides the following opportunities:
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The views expressed in this paper by the American College of Cardiology's (ACC's) Sports and Exercise Cardiology Section Leadership Council do not necessarily reflect the views of the Journal of the American College of Cardiology or the ACC. 6. Recognition and response to cardiac arrest.
Cardiac research initiatives.
This document also includes an Executive Summary of recommendations and a checklist of best practices for NCAA member institutions ( Table 1) .
CARDIOVASCULAR RISK IN COLLEGIATE STUDENT-ATHLETES
Whereas there is a general health benefit from regular exercise (5), sports participation presents additional risk for injuries (6, 7) . Although sports activity during exertion, including both training and competition, has been reportedly associated with an increased risk for SCD (8, 9) , the issue remains incompletely resolved (10) .
For the purposes of this document, SCD is defined as an unexpected death due to cardiac causes that occurs in a short time period in a person with or without previously known cardiovascular disease.
SCD should be differentiated from exertion-related death in athletes that is not from a primary cardiac cause, for example, heat stroke and rhabdomyolysis (11) . SCD in NCAA student-athletes is variously cited as either an uncommon event (12) (13) (14) or as an event that occurs with such regularity that it demands further scrutiny (15) (16) (17) . As with many epidemiological debates, the truth depends on how the question is framed, the methodological approach utilized, and the determination of whether SCD occurred during or soon after sport participation or occurred as part of the larger population-risk of SCD. Estimates of SCD for U.S. college athletes range from 1 in 43,000
(0.0023%) to 1 in 83,000 (0.0012%), and some athlete groups appear to be at a higher risk (12, 15, 17) ; the SCD mortality rate is lower when post-mortem data is male athlete is 1 in 38,000 (0.0026%), which is higher than the 1 in 122,000 (0.00082%) risk for a female athlete, although SCD in female athletes still accounts for 20% of all cases. African-American athlete SCD risk is 1 in 22,000 (0.0045%), which is 3Â higher than the 1 in 68,000 (0.0015%) risk in a Caucasian athlete (17) .
Some athlete groups are at higher risk than others.
A male basketball student-athlete has an exertionrelated SCD risk of 1 in 9,000 (0.011%), which is higher than any other athlete group (17) . The risk of SCD in Division I men's basketball or in an AfricanAmerican male basketball player from any division
Interassociation Consensus Statement on CV Care of College Student-Athletes (10, (21) (22) (23) (24) (25) and as a way to enhance the safety of athletic participation (26, 27) . These screening objectives (19) , is explained to the student-athlete.
❑ The cardiac evaluation includes, at minimum, a comprehensive personal and family history, and physical examination, such as the AHA 14-point evaluation or the Pre-participation Physical Evaluation Monograph, Fourth Edition.
❑ The pre-participation evaluation is either conducted on campus under the supervision of the institution's director of medical services or is reviewed by a process that is supervised by the institution's director of medical services.
❑ If an ECG is included in addition to history and physical screening, best practices include: ❑ Pre-ECG screening planning is performed with a multidisciplinary team. ❑ The student athlete is provided an in-depth explanation for the rationale of ECG screening and the possible risk vs. benefit of adding ECG screening. ❑ Modern athlete-specific ECG interpretation standards are used. ❑ Skilled cardiology oversight is available.
Emergency Action Plan for Cardiac Arrest
❑ A written emergency action plan for treatment of cardiac arrest is in place and has been reviewed and rehearsed among the following key personnel:
❑ All primary athletic healthcare providers (athletic trainers and team physicians). ❑ Athletic director and director of medical services. ❑ All strength and conditioning coaches. ❑ The emergency action plan for cardiac arrest addresses each of the following: ❑ All athletic trainers, team physicians, and strength and conditioning coaches have received training/certification in CPR and AED use. ❑ A communication system has been established that ensures a rapid and coordinated response to cardiac arrest, both internally and for emergency medical services. ❑ AEDs are placed strategically near all high-risk venues, including weight rooms, indoor arenas/courts, practice facilities, stadiums, and fields where organized sports take place. ❑ Signage is clearly visible and strategically placed to indicate the location of each AED. ❑ AEDs are never behind locked doors and are checked (with appropriate signoff) at least monthly for proper battery charge and functional electrode pads. ❑ Emergency medical service entry and exit are pre-determined and secured for all high-volume events.
This checklist can be used as a resource when evaluating institutional cardiac care plans. The checklist has been designed to help institutions become better informed and educated about the best practices that are endorsed in this interassociation document. Please note that the "Interassociation Consensus Statement on Cardiovascular Care of College Student-Athletes" does not provide prescriptive details regarding clinical care, as such care is individualized for the needs of each student-athlete and is on the basis of consensus-and evidence-based care that is consistent with the standards of a team physician and cardiovascular consultant.
AED ¼ automated external defibrillator; CPR ¼ cardiopulmonary resuscitation; other abbreviations as in Table 4 .
differ from general education and wellness goals.
Specifically, all of these screening objectives share a common element: the identification of potentially life-threatening conditions for which participation in competitive sports would place the athlete at a level of increased risk that some might find unacceptable, given the potential consequences. Table 2 .
Importantly, the pre-participation evaluation offers many opportunities beyond screening for the identification of serious cardiovascular conditions. Continued on the next page
Interassociation 
EVIDENCE EVALUATING THE EFFICACY OF PRE-PARTICIPATION SCREENING FOR DETECTION OF CARDIOVASCULAR RISK
Pre-participation screening has been conducted in the Similarly, the addition of a resting 12-lead ECG to screening protocols has also never been shown, in an adequately designed study, to prevent SCD death in athletes. Nevertheless, some authorities do recommend the use of a resting 12-lead ECG during the preparticipation cardiovascular screening of athletes (33, 34, 36 (10) . †Parental verification is recommended for high school and middle school athletes. ‡Judged not to be neurocardiogenic (vasovagal) in origin; of particular concern when occurring during or after physical exertion. §Refers to heart murmurs judged likely to be organic and unlikely to be innocent; auscultation should be performed with the patient in both the supine and standing positions (or with Valsalva maneuver), specifically to identify murmurs of dynamic left ventricular outflow tract obstruction. kPreferably taken in both arms.
AHA ¼ American Heart Association; ECG/EKG ¼ electrocardiogram; MVP ¼ mitral valve prosthesis; PPE ¼ pre-performance physical evaluation.
questioning about prior symptoms (38, 39) . Because there is a high initial positive response rate to the recommended screening questions, and because symptoms leading up to SCD may be subtle or absent, it is critical that physicians conducting preparticipation examinations be well trained. Some data suggests that symptoms in patients with primary structural, functional, or electrical cardiac abnormalities may, in fact, be misinterpreted or disregarded by medical staff (40) .
ECG AS A SCREENING TOOL FOR SCD RISK PREDICTION
The addition of a resting 12-lead ECG to a screening history and physical examination increases the sensitivity to identify many of the cardiac conditions associated with SCD, specifically cardiomyopathies, myocarditis, ion-channel disorders, and ventricular pre-excitation (41) . Nonetheless, 2 important causes of SCD in young athletes, anomalous aortic origin of a coronary artery and aortic root dilation, are not detected by ECG (26, 42) . Just as importantly, physician-to-physician variability in interpreting the ECG in elite athletes can be considerable (43, 44) .
Although there is increasing momentum to standardize ECG interpretation in elite athletes (45, 46) , the acceptance of such standardization, the dissemi- Table 4 for preliminary findings from an NCAA-funded research study addressing the feasibility of ECG screening). Although the AHA does not support a mandatory, nationalized ECG screening program for athletes, it has long supported, in principle, ECG screening programs that are well-designed, prudently implemented, and include adequate cardiology resources and expertise (10, 26, 28) . Even though the addition of an ECG may improve the sensitivity of detecting potentially fatal cardiovascular abnormalities, it may increase false-positive results, particularly if updated ECG screening criteria are not utilized Their functions should include, but not be limited to:
1. Providing electronically accessible consultative resources for pre-participation ECG interpretation when local expertise for this specialized skill is not available.
Clarifying the cardiovascular status of athletes
found to have a suspicious personal history, family history, physical examination, or ECG during routine pre-participation screening. Abnormal ECGs were present in 192 (3.7%) of athletes.
A total of 1,716 athletes (33%) reported at least 1 positive response from the AHA symptom and family history questions, demonstrating the importance of clinician input in evaluating the questionnaire response.
Thirteen conditions (0.23% of all athletes) associated with SCD or severe cardiac morbidity were identified, including: Wolff-Parkinson-White syndrome (n ¼ 15) Large atrial septal defect with right ventricle dilation requiring surgery (n ¼ 5) Hypertrophic cardiomyopathy (n ¼ 5) All 13 had abnormal ECGs, and 3 had an abnormal history or physical examination.
The respective false-positive rates for detecting a potentially dangerous cardiac condition by ECG, physical examination, and reported history responses were 3.4%, 2%, and 33%.
Of the abnormal ECGs, 1 in 16 (positive predictive value 6.3%) represented a potentially serious cardiac condition, whereas 1 in 1,000 (positive predictive value 0.1%) positive history responses led to detection of a serious cardiac condition.
The average time loss from sport for athletes with an abnormal ECG was 2.6 days.
The average cost of follow-up testing for the 192 student-athletes with abnormal ECGs was not assessed.
No student-athlete had an adverse medical complication from additional cardiac testing or was unnecessarily disqualified from sport.
From an NCAA-funded research study addressing the feasibility of ECG screening (Drezner [49] ). The NCAA funded a 2-year, multicenter, prospective study on ECG screening in college student-athletes. Thirty-five NCAA institutions participated, and >5,200 student-athletes underwent cardiovascular screening with ECG and the AHA-recommended history and physical examination. Electrocardiograms were interpreted at a single institution by cardiologists with experience in ECG interpretation in athletes. The "Seattle Criteria" for ECG interpretation were utilized by the cardiologists to determine abnormal findings (45). The host institution's medical team determined evaluation of ECG abnormalities, management of detected cardiac conditions, and all eligibility decisions.
NCAA ¼ National Collegiate Athletic Association; SCD ¼ sudden cardiac death; other abbreviations as in Table 2 . Whenever an athlete collapses and appears unresponsive, first responders should (68): 1. Make sure the scene is safe. The debate about the effectiveness of various screening examinations and tools to prevent SCD in student-athletes will undoubtedly continue. However, there is no debate that a well-rehearsed and effectively implemented EAP for treatment of cardiac arrest is effective at reducing the risk of death.
CARDIAC RESEARCH INITIATIVES
The NCAA is committed to expanding the under- 
